Importance of Supernovae at z < 0.1 for Probing Dark Energy 
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Supernova experiments to characterize dark energy require a well designed low redshift program; 
we consider this for both ongoing/near term (e.g. Supernova Legacy Survey) and comprehensive 
future (e.g. SNAP) experiments. The derived criteria are: a supernova sample centered near z « 0.05 
comprising 150-500 (in the former case) and 300-900 (in the latter case) well measured supernovae. 
Low redshift Type la supernovae play two important roles for cosmological use of the supernova 
distance-redshift relation: as an anchor for the Hubble diagram and as an indicator of possible 
systematics. An innate degeneracy in cosmological distances implies that 300 nearby supernovae 
nearly saturate their cosmological leverage for the first use, and their optimum central redshift 
is z » 0.05. This conclusion is strengthened upon including velocity flow and magnitude offset 
systematics. Limiting cosmological parameter bias due to supernova population drift (evolution) 
systematics plausibly increases the requirement for the second use to less than about 900 supernovae. 



I. INTRODUCTION 

Type la supernovae (SN) observations discovered the 
acceleration of the universe [l|, Q and have proved cen- 
tral in progress elucidating the nature of the dark energy 
responsible 0, 0, Q. SN provide a clear, direct, and ma- 
ture method for mapping the expansion history of the 
universe, a(t), with their measured flux giving the dis- 
tance and hence lookback time t through the cosmologi- 
cal inverse square law and their redshift z giving the scale 
factor a. 

Ground-based SN surveys are already underway to ob- 
tain hundreds of SN in the range z — 0.2—0.9, suitable for 
measuring an averaged, or assumed constant, dark energy 
equation of state. Plans are well advanced for a compre- 
hensive SN experiment aimed at accurate determination 
of dark energy properties including dynamics, in the form 
of a wide field space telescope exquisitely characterizing 
some 2000 SN over the range z = 0.2 — 1.7, with launch 
planned by 2013. We consider here what specific low 
redshift ("local": z < 0.2) SN program would strengthen 
either of the higher redshift SN programs, combined with 
Planck CMB constraints on the distance to last scatter- 
ing. (We do not consider adding further probes, since 
it is useful to obtain a answer through purely geometric 
probes, as well as comparing results from different tech- 
niques.) 

Just as [f| 0] brought into sharp relief the importance 
of SN at z > 1.5 for probing dark energy, due to their 
ability to break degeneracies, control systematics, and 
realistically follow dark energy dynamics, here we show 
similar crucial roles of SN at z < 0.1. Local SN serve two 
key purposes: leverage in breaking degeneracies by an- 
choring the low redshift Hubble, or magnitude-redshift, 
diagram, and providing a well characterized set of SN 
to search for systematic magnitude effects through sub- 
classification ( "like subsets" ) . In Sjl] we demonstrate the 
cosmological need for a low redshift sample, and follow 
this in ^Illl with detailed analysis of the numbers and red- 
shift distribution for optimum complementarity with the 
higher redshift SN. Issues of systematics including evolu- 



tion and intrinsic dispersion are discussed in ^IVl and a 
two stage survey program outlined to fulfill the required 
science criteria. 



II. ANCHORING THE HUBBLE DIAGRAM 

The Hubble diagram plots the calibrated peak magni- 
tude in, or flux received, of SN vs. their redshift. Since 
the magnitude is a convolution of the intrinsic luminosity 
and the distance, to employ the SN data as a distance 
probe from which we extract cosmological parameters we 
need to anchor the diagram at low redshift where the 
distance becomes independent of cosmology. This serves 
to constrain the intrinsic luminosity (combined with the 
Hubble constant) in a nuisance parameter M.. 

Also, at low redshift the cosmological information en- 
ters first in the form of the deceleration parameter qo — 
(1 + 3wo£l w )/2, where tt w is the dark energy density in 
units of the critical density and wq its present equation of 
state ratio. If we concentrate on the dark energy equation 
of state plane wo-w a where w(a) = wq + w a (l — a), then 
at low redshift there is no dependence on w a and confi- 
dence contours from local SN data would be vertical. As 
we consider SN at higher redshifts, the contours rotate, 
with the degeneracy direction eventually achieving 



3.6 Au>q + Aw a = constant 



(1) 



at z >■ 1 (for the flat ACDM case of Wq = — 1, w a = 0). 

For both these reasons, local SN are essential for an- 
choring the Hubble diagram. We illustrate their use in 
Fig- El showing constraints on dark energy with and with- 
out local SN added to higher redshift data. The local 
SN here comprise 300 SN at z = 0.05 (we discuss the 
insensitivity to the redshift distribution later), with sta- 
tistical magnitude dispersion 0.15 mag and a systematic 
floor of 0.01 mag (roughly equivalent to expectations for 
the Nearby Supernova Factory 8]). The sample SN09 
corresponds to 500 SN uniformly distributed between 
z = 0.2 — 0.9 with dispersion 0.15 mag and a systematic 
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of 0.04(l+z)/1.9 (roughly equivalent to a completed Su- 
pernova Legacy Survey [3|). SN17 has 2000 SN between 
z = 0.2 — 1.7 with roughly constant numbers per cos- 
mic time interval, with dispersion 0.15 mag and system- 
atic 0.02(l+z)/2.7 (roughly equivalent to the SN sam- 
ple of the future Supernova/ Acceleration Probe (SNAP 
(9||)). In all cases we take a flat, fiducially ACDM with 
Q, m = 0.28, universe and include a CMB prior of 0.7% 
on the distance to last scattering. 

Without the local SN, constraints from the current SN 
experiments will be a factor of two worse on both Q m 
and an assumed constant equation of state w cons t- For 
the future SN experiment with tight systematics control 
to z = 1.7, the leverage on the dark energy equation of 
state parameters is approximately a factor of two worse 
without local SN. Thus it is crucial to implement a prop- 
erly designed low redshift SN survey in order to realize 
the capabilities of a SN cosmological probe experiment. 

III. NUMBERS VS. REDSHIFT 

Given the critical need for a low redshift SN experi- 
ment to complement higher redshift data, it is important 
to craft the appropriate requirements for the local sam- 
ple to fulfill its role. Here we investigate from a cosmo- 
logical perspective the optimal criteria for the numbers 
and redshift distribution of the local SN to strengthen a 
higher redshift sample, within a Fisher matrix approach. 
We initially treat this for the experiment extending to 
z = 1.7 having the aim of understanding the dark energy 
properties, through its dynamics. Then we consider this 
for the current/near term experiment to z = 0.9, which 
can only see an averaged, or constant, view of the dark 
energy equation of state. jlVl returns to the issue of re- 
quirements by considering the role of the local sample in 
controlling SN systematics. 

A. Numbers and leverage 

If one thinks of the local SN as providing a prior on 
the parameter A4 (which is an overstrong view as we 
will shortly see), then fixing A4 would require an infinite 
number of SN and the absence of any systematics floor. 
However, even a perfect determination of M. does not 
give an unbounded improvement on the other cosmolog- 
ical parameters. Their estimation uncertainties become 

^(ftk^ = <7 2 (Pj)fit m ~ (C Mj ) 2 /v 2 (M) (2) 
= <r 2 (ft)fitx(l-r 2 ), (3) 

where C is the covariance matrix and r is the correlation 
coefficient. For the SN17+CMB case, perfect determi- 
nation of M would improve the estimation of ^l m ^ 
w a by 21%, 70%, 55% respectively. However, as we saw 
from Fig. [3 a local sample of 300 SN at z = 0.05, with 
systematics, already offers substantial improvement, in- 
deed 90%, 71%, 73% of the improvement possible from 
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FIG. 1: A well controlled low redshift sample of supernova is 
an essential complement to higher redshift SN experiments. 
Lack of local SN (here 300 at z = 0.05) diminish the cosmo- 
logical leverage by a factor of two on both the matter density 
and the (assumed constant) dark energy equation of state for 
a near term SN survey to z = 0.9 (top panel), or again by a 
factor two in the equation of state plane for a future SN sur- 
vey to z = 1.7 (bottom panel). Contours show la joint (68%) 
confidence levels and systematics are included as in the text. 



the unrealistic case of perfect determination without sys- 
tematics floor. 

Furthermore, the effect of a finite sample is even closer 
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to saturating the case of infinite numbers of local SN 
because local SN do not in fact constrain purely M. . Be- 
cause they are at finite distances, z ^ 0, the local SN have 
unavoidable covariances mixing M and the cosmologi- 
cal parameters. This will further cause a plateau in the 
numbers of local SN effective in complementing higher 
redshift SN to impose cosmological constraints. 

More and more local SN will not have continuing direct 
benefit for cosmological constraints. To examine where 
the point of diminishing returns lies, we consider the def- 
inite case of local SN centered at z c = 0.05. As we will 
see, this is close to the optimum when the covariance 
mentioned above and systematics are taken into account, 
but we emphasize that the saturation is a product of the 
innate cosmological degeneracy, independent of system- 
atics. 

Figure [5] illustrates the saturation of the cosmologi- 
cal constraints as we increase the number of local SN. 
The uncertainties in wq and w a improve extremely lit- 
tle and far more slowly than the naive A -1 / 2 behavior. 
For reference, the blue dotted line shows improvement as 
iV -0 ' 1 . We see that 300 local SN is close to optimum in 
strengthening the higher redshift SN program. Increasing 
the local SN numbers beyond 300 does not even attain 
^y-O.i improvement. Indeed, for N > 10 4 the power law 
index is flatter than —0.002; for N 3> 300 the improve- 
ment over 300 SN is only 5-10%. (And when we take into 
account below the interaction of the redshift z c with the 
cosmological degeneracy, the use of 10 4 SN with z c = 0.1 
still provides 10-12% worse constraints than 300 SN with 
z c = 0.05.) 

Overall, there is little direct cosmological use for N > 
300. As we drop below 300 local SN, the degradation is 
faster than A -0 ' 1 for Wo, and for w a as we drop below 
200. Note that this trend remains the same whether we 
include systematics or not; the saturation is due to the in- 
nate and unavoidable cosmological degeneracy. (We have 
checked that this holds for a reduced intrinsic magni- 
tude dispersion of 0.1 mag as well, though as the ratio of 
dispersion to systematic level decreases the sample satu- 
rates at a slightly smaller size.) Thus, for a homogeneous 
sample, 300 local SN is close to optimal for cosmological 
parameter constraints 1 . 



B. Redshift and leverage 

We now examine the optimal redshift location, given 
the presence of the cosmological degeneracy. Returning 
to our earlier point about covariance between parameters 



This can be generalized: to match a given number of higher 
redshift SN, one should have approximately a 1:6 ratio of lo- 
cahhigher redshift SN. This is somewhat smaller than the delta 
function optimization ratio 1:3 for fitting four parameters (see 
|lOj ) because of the addition of CMB data and systematics, which 
spread the delta functions over redshift 0. Also see $UTC\ 



1.2 R 




0.4 - 



0.2 - 

— local systematic 0.01™ 
--no local systematic 

o r " 

2 2.5 3 3.5 4 

lOg N loc.l 

FIG. 2: Cosmological parameter estimation is a slow func- 
tion of the number iViocal of supernovae in the low redshift 
sample. (The curves here take z c = 0.05, but the behavior is 
similar over z c = 0.03 — 0.15.) Due to inherent cosmological 
degeneracy, the point of diminishing returns is reached near 
Mocai ~ 300, whether systematics are present (solid curves) 
or not (dashed curves). The blue dotted curve shows a scaling 
of N~ 0A for comparison. 



for a sample at finite redshift, Z\ oc , we seek to minimize 
the degeneracy. To gain an intuitive feeling for this, con- 
sider the local SN as determining the magnitude m(z\ oc ) 
to precision <7i oc . This data can be viewed (purely illus- 
tratively) as putting a prior on 

Y = M + h\ogdi{ ZXoc ), (4) 

which is added to the Fisher information of the higher 
redshift SN through 

1 d 2 (Y-Y) 2 
2af oc d Pi d Pj ' [b) 

where pi are the cosmological parameters. If z\ oc <C 1 
then we can calculate analytically the effect of the prior. 
Because the luminosity distance 

di{z Xoc « 1) » z + (z 2 /4)[l - 3u- (l - Q m )}, (6) 

the low redshift SN do not determine M. but rather con- 
strain a certain combination of M, Q, m , and wq. An un- 
avoidable degeneracy remains, regardless of how many 
local SN are measured. The cross terms between M. 
and the cosmology parameters are proportional to z\ oc 
and the cosmology-cosmology terms go as zf oc . To mini- 
mize the degeneracy, and hence increase the cosmological 
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constraining power, we need to minimize z\ oc (subject of 
course to other uncertainty sources such as peculiar ve- 
locities, which we address below). 

The illustrative analytic expression of Eq. © agrees 
extremely well with the numerical calculations (which we 
always use), pointing up the inherent cosmological de- 
generacy that leads to the saturation in the use of large 
numbers of local SN for cosmological leverage and the 
preference for lower redshift. Thus, local SN at z = 0.05 
strengthen the higher redshift program much more than 
SN at z = 0.1. For example, with 300 local SN, the degra- 
dation in constraints if z\ oc = 0.1 rather than 0.05 is 24%, 
16% for u>o, w a (and goes roughly linearly with deviation 
of zioc from 0.05). As already seen, even large numbers 
of SN at zioc = 0.1 cannot overcome this disadvantage. 

As expected, the cosmological degeneracy imposes a 
monotonic optimization, pushing z\ oc — > 0. This, how- 
ever, is impractical for a realistic experiment. Two fac- 
tors dominate in working against very low redshift: the 
smaller volume available and hence fewer SN, and un- 
certainties contributed to the distance determination by 
random and coherent peculiar velocities. These raise the 
very low redshift end of the optimization curve, creating 
a minimum at a hnite redshift. 

To take into account the volume effect, we realize that 
an experiment with fixed survey time, centered at z c , can 
amass a number N of well characterized SN (i.e. not just 
discovered, but followed up with spectroscopy), where 

iV~ [ dzz 2 A(z), (7) 

J bin 

where A(z) gives the dependence on the redshift depth 
of the solid angle that can be covered in the survey time. 
This accounts for the increased amount of time required 
to observe fainter SN. We approximate A(z) ~ z~ 7 , 
which includes the cases of sky noise domination (7 = 4) 
and source noise domination (7 = 2), and should provide 
a reasonable fit between these two limits. Both N and 
A are normalized to the z c = 0.05 case of 300 well char- 
acterized SN in 20000 deg 2 . We limit the sky area to a 
maximum of 30000 deg 2 and take the total redshift bin 
width to be 0.05, centered at z c . We have checked that 
the exact distribution of SN around the central redshift 
has very weak influence, of order 1% in the parameter 
constraints, i.e. it does not matter if within the bin the 
SN are taken to be all at the bin center, uniformly spread, 
or scaled with the local volume element. 

Effects due to peculiar velocities of galaxies in which 
SN reside consist of a statistical error due to random ve- 
locities (which we take to be 300 km/s) and a systematic 
error due to bulk motions. The latter is treated follow- 
ing the formalism of [Til Il2j and we approximate their 
results by an irreducible error across the local redshift 
bin of <r 2 sys ~ A a z~ l3 , added to the SN random variance. 
We find a good fit with 

/ A \ ~ 1/4 f z \ - 3 / 2 

a vsys = 0.0077 m j (777^) ■ (8) 

y V 20000 deg 2 / V 0.065/ v ' 



Putting all this together, Fig. [3] shows the realistic de- 
pendence of the cosmological constraints on z; oc . There 
is now a clear optimum location for the local SN sample, 
at z c — 0.05 — 0.06, to maximize the science return of the 
SN experiments. Recall that the true area scaling will lie 
between the 7 = 2 and 7 = 4 cases, with 7 = 2 (source 
noise domination) holding for more nearby SN observed 
near peak brightness and 7 = 4 (sky noise domination) 
holding for more distant SN or observations away from 
peak brightness. At very low redshift, the ceiling on the 
area makes the results independent of 7. 
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FIG. 3: The interaction of cosmological degeneracies, inherent 
even at low redshift, velocity flow systematics, and observa- 
tional considerations creates a optimum redshift for the low 
redshift sample of supernova serving to anchor the Hubble di- 
agram. Here we account for all these effects, with the number 
of observed supernovae scaling with redshift depth according 
to the available volume, but also the more limited solid angle 
A(z) that can be covered in fixed survey time (due to fainter 
source magnitudes) . The optimum central redshift of the low 
redshift supernovae is z ~ 0.05. 

Technically, because of the volume weighting, the bin 
center is not the same as the mean redshift. For example, 
for a sample spanning z = 0.03 — 0.08 (such as the Nearby 
Supernova Factory), the weighted mean is (z) — 0.062. 
Interestingly, the standard expression for SN systemat- 
ics for the SNAP-like sample, 0.02(1 + z)/2.7 (see gHJ), 
predicts 0.0079™ here, hence essentially already provid- 
ing a good approximation to the local sample systematics 
expressed by Eq. ©. 

The conclusion about the optimum z\ oc remains robust 
in the presence of a further systematic involving a mag- 
nitude offset between the local sample and the higher 
redshift sample, due to calibration for example. Such a 
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step or offset has fong been recognized as a possible ob- 
servational feature, and treated in both its random and 
coherent aspects in various analyses such as [3, [3 EH • 
Considering offsets limited by Gaussian priors of 0.01 or 
0.02 mag, we find that this does not change the shape of 
the curves in Fig. [3] nor the location of the optimum at 
zioc w 0.05. 



C. Matching current supernovae surveys 

It is of considerable interest to consider as well the op- 
timization of the nearby sample for complementing ongo- 
ing and near term SN experiments that provide data sets 
similar to the SN09 case of |JTT1 i.e. extending to z = 0.9. 
Recall that Fig. [T] showed that the local sample played 
a crucial role here too. The key cosmological effects and 
formalism remain the same as in mil AHIIIBI 

Figure [4] again illustrates the saturation of cosmolog- 
ical leverage as the number of SN increases. Here we 
see that 125-150 local SN prove sufficient to serve as the 
low redshift anchor for the Hubble diagram. The ratio 
of local:higher redshift SN is now 1:4. The reduced ratio 
makes sense since for this case we fit only three param- 
eters - M, fi m , Wconst- As in the footnote in ihTI Al the 
idealized optimum would be SN distributed in P delta 
functions in redshift, where P is the number of fit pa- 
rameters, with one of them at z « 0. As mentioned 
there, the inclusion of systematics and priors spreads out 
the delta functions, reducing the idealized ratio by about 
a factor of two. Because fewer local SN are involved, 
diminished intrinsic magnitude dispersion will now have 
a larger effect; we find that for 0.1 mag dispersion the 
saturation occurs near 60 local SN. 

The redshift optimization for the local SN remains at 
z « 0.05, as illustrated in Fig. \5\ The key cosmological 
influences of innate distance degeneracy and velocity flow 
systematics are intrinsic to the local sample and so the 
optimum central redshift for the local SN is insensitive 
to the higher redshift sample: we again find the optimum 
is z\ oc ~ 0.05. As before, this remains robust under in- 
troduction of a magnitude offset between the local and 
higher redshift sample. 



IV. SUBSAMPLING 

The second purpose for the local SN program in- 
volves identification of SN systematics, characteristics 
that would break the homogeneity of the sample. Con- 
trol of such systematics is frequently discussed in terms of 
subsamples and like vs. like comparison (see, e.g., jl6|). 
Let us estimate the number of local SN required for such 
subsampling. An important point to be made is that 
a difference that makes no difference is no difference - 
and furthermore a difference that cannot be detected is 
no difference. That is, defining a subset with certain 
lightcurve and spectral properties distinct from another 
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FIG. 5: As Fig.[3]but using the higher redshift supernova sam- 
ple SN09 similar to ongoing surveys (in particular extending 
to Zhi = 0.9). The optimum central redshift of the low redshift 
supernovae is z » 0.05. 
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subset is of limited impact (for cosmology) if they do not 
differ in their corrected peak magnitudes. Furthermore, 
a difference in subsample mean magnitudes smaller than 
the uncertainty from, say, calibration is likewise moot. 

A. Population drift 

An important issue to begin with, then, is how large 
a magnitude difference has a substantial cosmological ef- 
fect. We call subsets, defined on the basis of empirical 
differences in the lightcurves and spectra, subclasses if 
they differ in corrected peak magnitude. Subclasses will 
combine together to determine the mean magnitude at 
a given redshift; as long as the proportions among sub- 
classes remain independent of redshift there is no cos- 
mological consequence. That is, it is not the presence 
of subclasses per se, but the population drift and hence 
weighting in the mean magnitude at each redshift that is 
important. 

Consider the most extreme subclass, subclass 2, ly- 
ing furthest from the mean magnitude of the other sub- 
classes, collectively subclass 1 , in a sort of jackknife test. 
Suppose its absolute magnitude deviates from the mean 
absolute magnitude by AM 2 i and it comprises a fraction 
f2(z) of the total number at redshift z. Then the evolu- 
tion in the mean magnitude relative to the local sample 
is 

AM(z) = AM 21 [/ 2 (z)-/ 2 (0)]. (9) 

Employing the Fisher bias formalism we can calculate 
the effect of an evolution AM(z) in biasing cosmologi- 
cal parameter extraction. By requiring that the bias on 
a parameter dpi < 0A6<r(pi), we ensure that the risk 
[a 2 (pi) + dp 2 ] 1 ' 2 degrades the standard deviation by less 
than 10%. We can then ask what is the largest accept- 
able AM21 for a given population drift function F(z) = 
h{z) — /2(0). For each of three forms: F(z) ~ z, 1 — a, 
or z 2 , we find the requirement AM(z = 1.7) < 0.016, 
for the SN17 case (see the end of this subsection for the 
SN09 case). This arises mostly from preventing bias in 
TO ; for the z 2 drift the constraints from wq and w a are 
also comparable, but for the z behavior the next tight- 
est constraint is 0.026 from w a , and for the 1 — a case it 
is 0.066 from w . So 0.016 mag is a fairly conservative 
criterion. 

The strongest constraint on the observable AM 2 i 
comes from the most extreme case, where F(z = 1.7) 
I . So we have the requirement of recognizing a subclass 
with AM 2 i > 0.016 mag. This is fortunate - if we have a 
calibration systematic of 0.005 mag then this represents 
a healthy 3<7 effect. Had the requirement been to dis- 
tinguish subclasses differing by less than 0.005 we would 
have been in trouble. We can now flow this down to a 
requirement on the local SN. 

Note that what concerns us is not the evolution as such, 
but the uncertainty in the evolution. If the population 
drift is rapid, f 2 (z = 1.7) ^> / 2 (0), then the magnitude 



evolution will be insensitive to / 2 (0). The uncertainty 
will arise from the precision on knowing Mi (the abso- 
lute magnitude of the main population) and M 2 , and any 
correlation (e.g. from calibration). We learn about M\ 
and M 2 from studying the local sample, where we know 
the distance. If the dispersions of subsamples 1 and 2 are 
similar, but population 2 is much rarer, 7V 2 <C N\, then 
the uncertainty on AM 2 i is dominated by the number of 
local SN in subclass 2. 

To determine the mean magnitude of a subclass to 
0.016, in the presence of measurement dispersion of 0.15 
mag, we need N 2 = (0.15/0.016) 2 = 88 local SN of this 
subclass. 

The results when considering the SN09 case are simi- 
lar. The requirement on the magnitude drift, or subclass 
deviation, becomes AM(z = 0.9) = 0.019 - 0.025; this 
implies a need for 36-62 local SN of this subclass. 



B. Improved standardization 

One instance in which a subset that is not a subclass 
(i.e. does not differ in its mean peak magnitude) can be 
useful is when the subset exhibits decreased dispersion 
about the mean, that is, when it is a more standardized 
candle. Identification of such subsets within the local 
sample is of interest, and is a positive effect as opposed 
to the bias caused by drifting subclasses. (However note 
that explaining the full sample dispersion of, say, 0.15 
mag by multiple subclasses of smaller dispersion requires 
the means of these subclasses to differ.) 

The effect of reduced dispersion, in particular of just 
a subset, may not be dramatic. If 1/3 of the SN have 
dispersion 0.05 mag rather than 0.15 mag, this only re- 
duces the overall dispersion to 0.126 mag. If the overall 
dispersion is reduced to 0.1 mag from 0.15 mag, then the 
equation of state parameters wq, w a improve by 15% (for 
the canonical survey characteristics). Reduced dispersion 
to 0.1 does not much affect the bias level: the require- 
ment is AM(z = 1.7) < 0.015 for F{z) ~ z 2 and 0.016 for 
F(z) ~ z, I— a. However this does mean that the subclass 
magnitude can be determined with (0.1/0.015) 2 = 44 SN, 
half the number needed previously 2 . Thus subsets with 
reduced dispersion can reduce the number of local SN 
needed to guard against subclass bias, and the numbers 
of local SN we quote below are therefore conservative. 



C. Two stage program 

To harvest a subset of size N 2 , which represents a frac- 
tion / 2 (0) of the full population, requires a local sample 



2 For the SN09 case, the requirement is AM(z = 0.9) < 0.017 - 
0.024, so the number needed is 17-35, again roughly half the 0.15 
mag dispersion result. 
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totaling A^/i^O). Thus, if the most extreme subclass is 
also the rarest, we face a challenge. Suppose subclass 2 
represented only 5% of SN at z = 0, but close to 100% at 
2 = 1.7. Then we would need 88/0.05 « 1800 local SN. 

To ameliorate the factor 20 increase in numbers, one 
could possibly design the low redshift SN program to con- 
centrate on the extreme examples. One approach would 
be first to obtain the cosmological leverage number of 
300 SN, then concentrate in a second survey stage on the 
most extreme subclasses (ones deviating from the mean 
by more than 0.016 mag) and ensure samples of ^100 
SN for them. This would involve much more searching 
time, but not a large increase in follow up - if the subclass 
could be recognized without the full set of measurements. 
If successful, such pruning could keep the total sample to 
400-900 SN. 

We emphasize that what is important in determining 
the number of local SN is not the number of subsets, or 
even subclasses, but the number of extreme (AM 2 i > 
0.016), differentially drifting subclasses. If there is more 
than one extreme subclass, then this decreases f%(z = 
1.7), say, below unity, and hence loosens the requirement 
on AM21 , changing the definition of extreme. Thus it is 
not unlikely that only one or two extreme subclasses exist 
in this sense and hence require a sample of only 100-200 
Stage 2 local SN in addition to the Stage 1 foundation 
program of 300 local SN. 

The two stage approach also has the virtue that the 
initial 300 local SN are likely to prove a sufficient data 
set by itself for the ongoing/near term higher redshift 
SN program, even with extreme, differentially drifting 
subclasses. 



V. CONCLUSIONS 

Local supernovae serve critical roles for maximal sci- 
ence return from supernova cosmology experiments - an- 
choring the Hubble diagram and identifying possible sys- 
tematics - and failure to supply these data can cost a 
factor of 2 in cosmology parameter determination. Gen- 
eral considerations of cosmology in the form of parameter 
degeneracies, systematics, and biases impose reasonable 
and somewhat conservative criteria for a low redshift SN 
program to match and strengthen a comprehensive, next 

3 Note that much valuable information will be gained from surveys, 
even without full spectroscopic followup, including Carnegie 
Supernova Project CfA Nearby SNe [if], CTI-II [Q, 

Essence KAIT [2y , Nearby Supernova Factory, SDSS II 



generation higher SN program: 300-900 SN centered at 
z w 0.05. We have tested the robustness of this conclu- 
sion by including coherent and random velocity systemat- 
ics, magnitude offsets, and different intrinsic dispersions. 

We propose here a two stage approach to the local 
sample, with the foundational set composed of 300 well 
characterized local SN. This data then determines the 
necessary size for an extension, or second stage, which 
the arguments presented here suggest may require 100- 
600 additional SN to control systematic biases. The first 
stage would likely supply the necessary local set to fully 
match ongoing and near term SN surveys, which we con- 
cluded also are optimized by a local data set centered at 
z w 0.05. 

Though we used straightforward cosmological consid- 
erations, for more detail we could also seek future guid- 
ance from SN theory on questions such as maximum ex- 
pected magnitude evolution, population drift predictions, 
and characteristics for subclasses, and from calibration 
and measurement error models and simulations. This 
detail may be unnecessary and is model dependent. The 
empirical foundations - from well characterized (i.e. spec- 
troscopic time series measured) SN, not just more SN - 
will define the relation between subsets and subclasses, 
and the population distribution (e.g. local percentage of 
low metallicity SN, differing in the mean magnitude by 
X mag). The data will be the final arbiter of the sample 
size required 3 . 

To achieve understanding of the physics behind the 
acceleration of the universe, we need a well designed SN 
program at z < 0.1 just as we need a comprehensive 
SN experiment extending to z > 1.5. Implementing the 
criteria derived here should ensure that we reach out into 
the universe with a firm foundation beneath our feet. 
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